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SUMMARY

The performance objectives, the instrumentation, the data
processing, the data recording, the data reduction, and the
software for the LDAR Lightning Detection and Ranging System

are discussed.
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I. INTRODUCTION

Valuable lightning and system-performance data we: e
collected by LDAR during the 1976 Thunderstorm Il project.

Since 1976, the capability and the accuracy of the LDAR
system has been improved by reconfiguration of the network, the
addition of new ground stations, the addition of electric field
sensors, the addition of digital waveform recorders, and the
completion of a new software package to collect, process, and
record the data.

The addition of electric field sensors gave the system
the capability to determine the position, the waveshape, the
rate of rise, and the peak current of ground strikes. The
addition of two new ground stations to form a new Y configura-
tion gave the system an improvement in reliability and accuracy
by providing a completely independent hyperbolic system with
which to check the LDAR data. Excessive power line noise at
one of the stations was corrected by relocation of the station

in 1978.




IT. PERFORMANCE ORJECTIVES

The primary performance obj. tives of the LDAR System
are tc:
1. Detect and determine the position (X, Y, Z) of the
numerous electrical discharges associated with thunderstorm
activity, and display the position of the electrical discharges
on a PPI and RHI plot. Transmit and display the PPl and RHI
plots of electrical discharge activity to .ne KSC wea*her
office for use in tracking the position and movement of

thunderstorm activity.

2. Measure and record electric field waveform data in order
to:

a. Determine the position of ground strikes at KSC.

b, Determine the rate of rise and peak currents of

ground strikes at KSC.
Uses of the LDAR data are to:
a. track thunderstorms,
b. provide size and a measure of the electrical activity

of the storm,

Co help explain interaction of wind flow and electrical
activity,
d. establish a firm basis for the relation of field

strength/distance to the active electrical centers in a
thunderstorm, using airborne electr:ic field measure-

ments,




establish the pattern of ground strikes for KSC, clarify
the one-to-one cone of protection theory, and investi-
gate the attractive effects of large buildings,
determine statistics for the number of strikes per
flash,

measure the peak cur-ent per flésh,

measure the rate of rise of current in ground strikes,
measure the velocity of the ground strike current, for

ground strixes produced by the triggered-lightning
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IIr. DETAILED DISCUSSION

A, REMOTE SITES

There are six remote stations. The location of the
stations is shown in Figqure 1. Two basic measurements are
made: the time-of-arrival of the envelope of the pulsed 60-80
MHz portion of the RF signal emitted by the lightning, and the
elec’rir field (E-field) waveform. We will discuss the
measurement of these two signals separately.

1. LDAR SIGNAL TRANSMISSION

The transmission of the LDAR signal from the remote site
to the central station differs, depending on whether a Type 1
or a Type 2 Receiving Station is used. We will discuss these
in turn. A Type . Receiving Station differs from a Type 2 in
the manner of transmission of the signal to the central
station. In the Type 1 Station instrumentation the LDAR and
the E-field signals are sent separately by wideband cable.

In
the Type 2 instrumentation system, the two signals are combined

and sent via microwave link.
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i The Type 1 Receiving Station, Figure 2

Figure 2 shows the signal flow of the LDAR signal at a
remote site employing the Type 1 instrumentation.

Starting at the LDAR, vertically-polarized, omnidirec-
tional, 40-100 MHz antenna A-1* the signal passes to a 60-80
MHz bandpass filter A-2. The LDAR signal then passes through a
log IF amplifier A-3 having an 80 db dynamic range, which
amplifies and envelope detect. the incoming LDAR signal. The
detected LDAR signai then comes to a switch S1, which is used
for delay line calibration. Switch S2 permits the substitution
of a 1 MHz sine wave test signal in place of the LDAR signal.
The purpose of the 1 MHz sine wave signal is to check the data
transmission system, as well as to provide a calibration signal
for the tape recoraers at the centrcl site.

Three, W1, W2, and W3, of the six re-ote stations use
Type 1 Receiving Station instrumentatiun. The other three, M1,

M2, and M3, use the Type 2 Type.

*The numbers A-1, A-2, etc. refer to data sieets given in the

Appendix.
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ii. Type 2 Type Receiving Station, Figure 3

In the Type 2 Receiving Station the LDAR signal is not
sent separately but is combined with the E-field signal for
transmission by micrcwave link to the central station.

In the Type 2 Receiving Station instrumentation, Figure
3, the LDAR portion differs by the absence of swit~hes S1 and
S2, and the absence of a video cable. Data transmission checks
previously effected by switch S2 are now accomplished by switch
S5, which is used to inject a 1 MHz calibration signal. Before
transmission by microwave link A-4 the‘LDAR signal is combined
in a summing amplifier A-5 with a second signal (either the 1
MHz calibration signal or the E-field signal). A different
microwave frequency, near 7.5 GHz, is used at each of the three
remote sites M1, M2, and M3.

2. The E-field Signal Tran:smission

i Type 1 Receiving Station Figure 2

The E-field signal is picked up by a sensing plate A-6,
which is designed to respond to changes in the electrical field

over the frequency range 1 KHz to 5 MHz. A 600:124 ohm
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matching transformer A-7 couples the signal to a balanced
coaxial transmission line approximately 200 meters long. A
124:50 ohm matching transformer A-8 converts back to an
unbalanced signal. From the transformer the signal goes to a
switch S3 designed to permit the insertion of a 1 MHz calibra-

tion signal. The output of switch $S3 goes to a bipolar log-

arithmic amplifier A-9. The log compressed signals pass to
switch S4 which is inserted to permit calibration of the line
delays, as will be explained later. From the switch the siynal
passes to a line driver amplifier (one half of summing amplii-
fier A-5) to a separate wideband cable A2A-2, A-10 for trans-
mission to the central site.

ii. Type 2 Receiving Station, Figure 3 ?

The electric field signal flow for a Type 2 Receiving
Station is shown in Figure 3. The signal flow is similar to
that already explained for the Type 1 Receiving Station.
Switch S4 is not needed, since the line delay checks are
accomplished by the summing amplifier A-5, and the signal
transmission checks are accomplished by use of switch S5. A
line driver is not used. Instead the signal passes to a
summing amplifier A-5 where it is combined with the LDAR

signal. The combined signal modulates the 7.5 Gz microwave

10
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link A-4 for transmission to the central site.

Summing the LDAR signal on a single link without filter-
ing is possible because the two signals are separated in time
as well as in frequency.

The electric field signals and the LDAR signals do not
occur at the same time on a microsecond scale. The electric
field signal corresponds to ground strikes. The LDAR signals
correspond to electrical discharges in the clouds. LDAR
signals are not observed during ground strikes.

The energy in the electric field waveform signals is
primarily confined to frequencies below 1 MHz. The energy in
the LDAR is primarily confined to frequencies above 1 MHz.

3. Calibration of the Remote Site Transmission Links

The transmission links to the remote sites require cali-
bration of their transmission characteristics and their time
delays.

The transmission characteristics of the links must be

checked in order to assure the quality of the data trans-

mission.

11
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The time delays must be measured in order to determine
the true difference in the times of arrival. For the LDAR
System, this problem is solved by the use of an artificial
lightning generator at a fixed, known position, the Vertical
Assembly Building, VAB. Time delays from the VAB to the remote
sites are readily calculated from the survey data. The measur-
ed delays will differ from the true delays by the additional
delays in transmission from the remote sites to the central
station. Xnowing the true delay, it is a simple matter to set
in appropriate delays in units of 0.05 microseconds steps pro-
vided for in the Biomation boxes and Ffurther co introduce even
smaller corrections via the software until the measured delays
correspond exactly to the delays calculated from the survey
data. Having corrected for the transmission line delays in
this manner, all that is necessary is to check the delays from
time to time. Past experience has shown the delays to be very
constant.

The most direct way to determine the delays in the
E-field transmission links to the remote sites is to use a
lightning yenerator that will simulate a ground strike, induc-
ing a usable signal in the remote E-field sensors. However,

such a simulator is not currently available.

12
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We will therefore, use the output from the LDAR receiver to
provide a calibration pulse for the electric field measurement
portion of the system. Using an LDAR antenna at each remote
site, excited by the LDAR lightning simulator at the VAB, we
have available signals of know delays at each of the six remote
sites. As in the case of LDAR lines, the observed delays at

the central station can be compensated to correct the delays in

the video cables from the remote sites.

1. Transmission Characteristics of the Data Links

Because of the difference in the switching, we will
discuss the implementation of the calibration and control
switching for the Type 1 and the Type 2 Receiving Stations
separately.

ie Type 1 Receiving Station, Figure 3

The schematic for the Type 1 Receiving Station has
already been presented in Figure 2.

There are two wideband video cables whose transmission
characteristics needs to be checked. Energizing switch S2
connects a 1 MHz sine wave signal of know amplitude to the
input of the wideband video cable A2A-1, A-10. The trans-
mission characteristics are evaluated by measuring the output

at the rentral site. P

13 ‘ L
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Energizing switch S3 connects a 1 MHz sine wave signal
of known amplitude to the input of the bipolar log amplifier
A-9, which feeds the second wideband videocable, A2A-2, A-10,
Measurement of the output at the central site provides us with
the transmission characteristics of the combination of the log
amplifier and the A2A-2 line, permitting us to evaluate their
performance. Since the input signal is a sine wave, the trans-
fer characteristics of the combination of log amplifier and
A2A-2 line can be determined and used by the computer to pro-
vide an anti-log function that is required to reconstruct the
waveferm.

ii. Type 2 Receiving Station, Figure 3

The schematic for the Type 2 Receiving Station has
already been presented in Figure 3. No wideband video cables
need be monitored here, since the signal is transmitted by a
microwave link. The overall transmission characteristic of
the logarithmic amplifier A-9 and the microwave link A-4 deter-
mined by applying a 1 MHz signal of known amplitude to the
input of the logarithmic amplifier by means of switch S5.
Measurement of the output of the microwav 1link at the central
site provides us with the required transmissic» characteristic.

2. Transmission Line Delays

ie Type 1 Receiving Station, Figure 2

The schematic for the Type 1 Receiving Station was given

in Figure 2.

14
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To calibrate the delays in the wideband A2A-1 video
cable A-10, the switches S1 and S2 are left in the unenergized
position shown. The LDAR signal passes through switches S1 and
S2 directly to the A2A cable. Delay calibration is effected by
operation the lightning simulator c¢cn the VAB and comparing the
delay measured at the central station with the calculated
delay. The difference between the calculated and measured
delays gives the line delay ccrrections.

To calibrate the delay in the wideband video cable
A2A-2, an LDAR signal is substituted for the E-field waveform
signal by en:rgizing switches S1 and S4. This feeds the LDAR
signal to the line driver amplifier (one half of summing ampli-
fier A-5) and to the AlA-2 wideband cable. The difference
between delay measured at the central site and the calculated
delay provides us with the delay of the line driver/A2A-2 line
combination.

ii. Type 2 Receiving Station, Figure 3

The link delay for the electric-field waveform signal is
the same as that for the LDAR signal, since both signals use
the same microwave iink, Figure 3. Therefore, no extra switch
or calibration is required. The LDAR link delay is determined
in the usual way by operating the lighthing simulator and tak-
ing the difference between the calculated and the observed

delays.

15




B. CENTRAL STATION

The interconnection diagram of the central station
instrumentation is shown in Figure 4. In addition to receiving
data from the remote stations, the central station receives
off-the-air signals which are used for'comparison with the
remote signals to effect the crucial meagurement - the differ-
ence in the time-of-arrival.

A considerable amount of redundancy is incorporated in
the remote stations. Only three of the six remote stations are
required in order to obtain data. The other three stations
constitute a completely independent hyperbolic system, which is
used to check the validity and accuracy of the data.

1. The LDAR Signal Flow

The signal flow up to the calibration switch is identi-
cal to that already discussed for the remote site. From the
LDAR Antenna A-1, the signal flows through a 60-80 MHz bandpass
filter A-2, a logarithmic amplifier A-3 to a calibration switch
S6 which permits the insertion of a 1 MHz signal for calibra-
tion purposes. From the calibration switch, the signal is fed
into a wideband video switch. In this case the switch is used
as a distribution amplifier. One output feeds the LDAR signal
directly into the input of a Biomation Model 8100 transient
recorder A-11. A second output from the video switch (distri-
bution amplifier) A-12 is used to drive a second distribution
amplifier A-13 which feeds the signa: to wideband analog tape
recorders A-14.

16
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In this instance, the video switch performs no switching
function but is included in the circuit primarily to equilize
the time delays for all circuits.

2. The E-Field Signal

The central station uses the same type of electric field
sensing plate A-6 as is used at the remote sites. The signal
flow path from the plate sensor to the logarithmic amplifier
A-9 is the same as the remote sites with the addition of a step
attenuator (0 to 12 db, 1 db steps) prior to the input of the
log amplifier. The output of the amplifier is fed to a wide-~
band video switch which acts as both a distribution amplifier
and a time delay equalizer. One output from the switch is fed
directly to the input of Biomation transient recordor #2, A-1l.

This transient recorder is used to trigger the system on
positive (+) electric field chanoes and digitally records the
waveform data from the E-field plate sensor. Thg second output
from the video switch is used to drive a second distribution
amplifier A-13. The outputs from this amplifier are fed to a
wideband analog recorder A-14 and are also fed to the frequency
meter (discriminator) and to peak-reading voltmeter A-15. The
frequency meter and peak voltmeter are used as ancillary

monitoring equipment and are not required for system function.

18

W kg

T

e A Akt nbsmbian, 0 ¥ e veus



A e et T

- o

. '”F. » Raialiisios e Siant L P IEL LI S

3. The Data Lines

There are nine remote data lines feeding into the . ut
unit which is located at the <entral LDAR site. Three of the
lines originate from remote Type 2 Receiver Station and cuontain
composite LDAR and E-field data (LDAR and E-field data are sum-
med together and transmitted by microwave link to the central
site). These lines are designated M-1, M-2, and M-3 on Figure
1. The composite signals enter through microwave receivers
located on the roof of the Central site. From there, the sig-
nals are sent over balanced coaxial cables (approximately 30
meters long) to minimize the pickup of spurious signals. The
balanced signal lines are converted into single-ended signals
by the input transformers. The signals are then routed through
step attenuators to the input of the video switch unit. Since
both signals are combined (LDAR and E-field), it is not neces-
sary to provide a switching function. As in the case of the
local signals the video switch is used only as a distr bution
amplifier and a signal delay equaiizer. One output from the
video switch is fed directly to the input of a Biomation trans-
ient recorder. The signal from M-1 is fed to Biomation trans-
ient recorder #4, M-2 is fed to #6, and M-3 is fed to #8. The
second output from the video switch is used “¢ drive a distri-
bution amplifier A-13. The output from the distribution ampli-

fier is fed to analog recorders 1 and 2, A-14 (see also Fig. 7).

19
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A third output is fed to a peak-reading voltmeter A-15
(one for each channel). The peak voltmeters are to gather data
on the level of signa.s being received and they also provide a
realtime indication of the relative signal level from each of
the stations. Such an indicztion is useful in determining that
all stations are functioring. Six additional lines are avail-
able from the Type 1 Receiving Stations. "he data frru the re-~
mote stations is transmitted via wideband A2A lines A-10 (5 MHz
bandwidth). The three circuits that carry LDAR data are desig-
nated W-1 LDAR, W-2 LDAR, and W-3 LDAR. These circuits are of
the balanced configuration and are converted to a single unbal-
anced configuration by an input matching transformer (124:50
ohms) A-8. The signals from the matching transformer are fed
through step attenuators to Lhe J-1 inbut of a wideband video
switch.

A second input to each of the video switches comes from
the second circuit from each of the Type 1 Receiver remote
stations. These circuits carry the E-field data and are desig-
nated W-1 E-field, W-2 E-field, and W-3 E-field, in Figure 4.
These E-field circuits are of the balanced configuration and
are fed directly into a balanced input (input J3) of the video
switch. The video switch performs both a switching and a feed-
through function. The LDAR signals applied to the input J1

appear on the output connector J5 unswitched., Likewise the

20
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E-field data which is applied to indut connector J3 appears &
output connector J6 as an unswitched signal in an unbalancea
(signal ended) configuration. The signal appearing at output
connectrr J4 is the switched functior ard can he either of the
input sigrals depending upon the switcning command. The normal
unswitched output is the LDAR signal. 'In both cases the
unswitched outputs J5 and J6 are both fed to distribqtion
amplifiers A-13 which in turn drives analog recvrders 1 and 2,
A-14 and provide an nutput to the peak-readinag voltmeter
system.

The switchad output J4 is connected directly to the
input of a Biomation transient recorder. The signals from the
W-1 site is fed to Biomation transient recorder #3, W-2 site to
reccrder 5, and W-3 site to recorder #7.

The trigger circuits of Biomation transient reccrders #1
and #2 are used to control the video switch., As previously
noted, Biomation transient recorder #1 is used to record the
waveform data from the local LDAR signal. When the LDAR signal
exceeds a predetermined level, the system is trigyeired. Like=
wise wher the local E-field waveform signal exceeds a predeter-
mined level, Biomation transient recorder #2 is triggered. The
trigger outputs from transient Biomation recorders #1 and #2
are combined sc that trigger will provide a trigger signal to

all other recorders in the system. In addition the trigger

21
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signals from recorders 1 and 2 are logically combined such that
a trigger from Biomation transient recorder #2 (E-field) with-
out a trigger from recorder 1 (LDAR) will trigger the system
and cause the wideband video switch to switch to the alternate
state (E-field data to the Biomation recorders.) The switch
activates when E-field change are detected without detectable
LDAR signals.

4. The Video Switch

The video switch shown in Figure 4, fulfills an
important function. Depending on the trigger signal it passes
either the LDAR or the E-field signal to Biomation Units 3, §
and 7. There are actually eight switches A-12 in the video
switch unit. Three switches (3, 5, and 7) are required for
actual switching of remote lines. The additional switches are
required for the central station LDAR and E-field signals.
While these latter two switches do not actually perform a
switching function, (since they are connected all tne time),
they serve an important function in equalizing the time delays

and frequency response characteristics.
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C. Data Frocessing and Digital Recording

The flow chart for the data processing and digital
recording is shown in Figure 5, which represents a portion of
Figure 4. We show here a preprocessor, three computers, three
digital recorders, and a display terminal.

Functionally the system processes LDAR at a limited
rate, displays it locally, and also transmits a display to the
weather office, and to Patrick AF Base. In addition tha system
records LDAR data at a much higher rate in a digital format for
later processing and analysis, and records electric field wave-
form data.

1. The Preprocessor

The preprocessor fulfills an important function in that
it greatly expedites the data flow rate, by a factor of at
least 10 to 1. The preprocessor receives serially-digitized
data in parallel frcm eight Biomation Units. Biomation Unit 1
supplies the digitized, central station LDAR signal. Biomation
Unit 2 suppiies the digitized central station electric field
waveform signal. The next six Biomation Units supply the
digitized remote station data, which can be either LDAR or
E-field waveform signals, depending on the video switch

positions.
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The preprocessor determines the time to peak and the
peak value of each of the LDAR signals, and delivers this data
to output A, and also to cutput B. IL delivers the digitized
waveform of each of the E.field waveform signals at the output
terminal C, and it delivers a sync pulse.

The preprocessor also conducts several data checks. By
conducting these tests in hardware, rather than software, pro-
cessing time is reduced. &4mplitude checks of the data assures
that it is above a selected minimum level and below the satura-
tion level. Time checks assure that the delays for each
station lie within the limits dictated by system geometry. The
amplitude check eliminates noisy as well as saturated data.

The time check eliminates false data points.

The operation of the preprocessor clarified by Figure 6,
in which a protion of Figure 4 is also shown, in particular,
the video switch which switches from LDAR to E-field waveform
data since the operation of the praprocessor depends on whether
the data is LDAR or E-field waveform data.

Video switch S8 is shown linked to switch S9 in the pre-
processor. In operation, a signal from the video switch unit
operated a gate S9 in the preprocessor. When the video switch
is in the LDAR position, the gate S9 is open. When the video
switch is in the E-field data positiorn, the gate $9 is closed,
connecting the Time and Amplitude sub-unit to the data storage

register.
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When operating in the LDAR data mode (switch S8 up),
switch S9 is open, interrupting the data flow to the storage
registers. Hence there is no output at terminal C in this
mode. Instead the data output appears at terminal A, and
consists of the time to peak, amplitude of the peak and GMT, to
a resolution of one millisecond.

In the E-field waveform mode, the gate S9 is closed, and
data flows from the Time and Amplitude sub-unit to the storage
registers, here shown as Al-A8 and B1-B8, since there are eight
A and eight B registers, one for each of the eight Biomation
units (Units 1-8) that feed their input into the preprocessor
in 2@ manner similar to the one unit that is illustrated in the
figure. Digitized waveform data, buffered by the storage
registers, appears at output terminal C. Time to peak data is
available at output A Figure 5 during waveform processing. The
switch signal overrides the amplitude and time constraints.

For E-field signals, switch S10 is initially in the
A1-A8 position. The preprocessor loads memory Al with the 2048
8-bit words (100us of data) that make up the E-field waveform.
When memories Al-A8 are completely loaded, switch S10 moves to
the B1-B8 position, and the preprocessor is ready to load the
next E-field waveform into memories B1-B8. Since the loading
time is 2 milliseconds and the unloading time is some 7
seconds, the above arrangement makes is possible to record two
E-field signal waveforms as close as 2 milliseconds. However,
the third waveform must wait 7 seconds.
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Data from Biomation box 1 has the time of day coded into

the last 25 words of the 2048 words of output data.

2. Digital Data Processing and Display of LDAR Sign-ls,
Figure 4

In real time either LDAR or electric field waveform data
is processed by the Biomation Units, depending on the position
of the video switch.

If the video switch is in the LDAR position (see Figure
4) the Biomation transient recorders capture 100 ps segments of
LDAR data, which they pass over to the Preprocessor Unit for
processing.

The times of arrival and amplitudes of the peaks of the
seven LDAR signals are determined by the preprocessor from the
digitized input waveforms. The time required by the preproces-
sor to scan the incoming Biomation data and to determine the
peak and the time to the peak is 2.048 milliseconds, which is
considerably less than the 40 milliseconds that it takes the
2100S computer to process the data. To avoid losing data in
periods of high density data bursts, a data buffer is provided
that will permit the system to accept high density data up to a
data rate of 500 per second corresponding to a 2 millisecond
interval. The buffer function is fulfilled by a 240 word by
16-bit First-In-First-0ut (FIFO) buffer.

28
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The output of the FIFO buffer feeds the preprocessor
output terminal A (Figures 5 and 6), supplying time to peak,
and local GMT time data to the 2100S computer A-16.

The 2100S computer stores the incoming data in a word
buffer within the 21005 computer. When the buffer is full, the
data is recorded on the 7970 digital tape recorder A-17 at 800
BPI.

The 2100S software attempts to cbmpute the X,Y,Z for all
valid data, as time permits, using an assembly language program
that takes some 40 milliseconds to solve the hyperbolic equa-
tions that determine the position X, Y, Z. Data is read
sequentially from the buffer. If the buffer fills up before
all the data is processed, the buffer cdntents are stored on
the 7970 digital tape recorder A-17. New data is then stored
in the buffer and real time processing continues. When the
data is stored it is lost to real time processing.

The computed X;,Y;, 23, squared and X,, Y,, Z, squared
data is fed to the 2116 computer A-18, which conducts a number
vf checks on the quality of the data and in particular compares
the position determined by the two independent LDAR networks.
Unless the data from the two independent systems agrees
closely, the data is rejected. This is a very important fea-
ture of the system and assures that only high quality data will
be presented on the display to the weather office. The pro-
grams in the 2116 computer plot the data in a PPI presentation

29
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on a Tektronix 2025 Terminal A-19. Remote data is provided by
a TV compatible video signal which is sent by wideband cable to
the Weather Office and to Patrick AF Base.

Data recorded by the 7970 recorder A-17 can be played
back, post test, to the 2100S computer A-16 which solves the
hyperbolic equations, and passes the X,Y,Z position data onto
the 2116 computer A-18 for checks and for plotting in the
manner already discussed. This data processing is serial. All
valid data is processed.

3. Digital Processing of E-Field Data

When the video switch is in the electric-field waveform
position, Biomation Units No. 2 to 8 capture 100 microsecond
segments of electric-field waveform data. The LDAR waveform is
also recorded. This data is fed to the preprocessor in
parallel at a rate of one word per microsecond. The
preprocessor formats the data and passes it onto the HP 2114
Computer A-20, which packs eight Biomation unit waveforms,
together with GMT time, (to a resolution of 1 millisecond) into
a matrix for recording on the TM-7 digital recorder A-21.

When the system is triggered by Bicmation unit #2, the
videg switches are programmed to switch to the E-field posi-
tion. Biomation units #2, 3, and 5 will then record E-field
data. Biomation unit #1 records normal LDAR data from the
central site, and Biomation units #4, 6, and 8 will record a

composite E-field and LDAR data.
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4, Analog Recording of E-Field Waveform Data

Analog recerders are used to record incoming electric
field and LDAR waveform data.

Recording of the electric field waveform data is shown
in Figure 7. The signal can represent any of six remote lines
or any of two central station signals, as shown earlier in
Figure 4. For illustrative purposes we show, and we discuss,
only one of the eignt signals.

We start with the raw E-field signal at the distribution
amplifier A-13 shown in Figure 4. As we show in Figure 7, out-
put of thke distribution amplifier A-13 goes to the input of an
Ampex FR 1800, 1 inch. 120 IPS, 100 Hz to 1.5 MHz analog tape
recorder A-14, labeled Recorder 1. OQutput 2 consisting of the
same signal is fed to another Ampex FR 1800 analog tape record-
er, labeled Recorder 2. The functions of the two recorders is
to permit the continuous recording of data. As Recorder 1
nears the end of its tape, Recorder 2 is readied, and is
switched in at the moment Recorder 1 ceases. In turn, while
Recorder 2 is nearing the end of its tape, Recorder 1 is
readied to take over as Recorder 2 reaches the end of its tape.
The channel assignments used are given in Table I. Output 3
goes to a peak reading voltmeter, A-18 which is used to check
system operation.

As Figure 7 shows, we also record the sync pulse, radar
signals, and housekeeping data on channels 12, 13, and 14. The
sync pulse is provided as a marker to show which data is being

processed by the LDAR system.
\ k)|
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TABLE I
CHANNEL ASSIGNMENT, ANALOG RECORDERS 1 AND 2

Channel 1 Raw LDAR, Site 0

2 Raw E-Field, Site O

3 Raw LDAR, Site W-1

4 Raw E-~Field, Site W-1

5 Raw LDAR and E-Field, Site M-1
6 Raw LDAR, Site W-2

7 Raw E-Field, Site W-2

8 Raw LDAR and E-Field, Site M-2
9 Raw LDAR, Site W-3

10 Raw E-Field, Site W-3

11 Raw LDAR and E-Field, Site M-3
12 Sync
13 Composite Data

(a) IRIG B Timing
(b) Multiplexed Data

(c) Audio Notes, Annotation

33
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Iv. SOF TWARE

Three Hewlett Packard computers, Numbers 2100S, 2114,
and 2116 are used to process the digital data, as illustrated
in Figure 5. The software for these computers will be discuss-
ed in turn.

1. The 21005 Computer, A-20

Program 1 performs several functions: (1) it inputs data
from the FIFO buffer (see Section III C.2) and stores it in an
internal buffer. As long as data is available from the FIFO
buffer, the program will continue to input data into the
internal buffer. When the internal buffer is filled, the
program records the data in the buffer oun the 7970 digital tape
recorder, A-17. If the program finds no new data in the FIFO
buffer, (2) it proceeds to the next unprocessed data point in
the internal buffer and tests the data for sign, and for the
difference in the time of arrivals. The signs may not all be
of the same sign, and the maximum difference in the time of
arrival for each leg must be less than the length of the leg
dircates. If the test is passed, (3) the program calls up an
assembly language subroutirne which solves the hyperboiic equa-
tions and computes X, Y, and Z squared two times, once for each
of two independent sets of three remote recei,ing staticns.

The program passes this data to the 2116 computer A-18 for plot-
ting. If either test fails, the program goes back to get new
data from the FIFO buffer. If the 21168 is busy and cannot
accept data, it returns to FIFC.
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The program utilizes the characteristics of lighining
data to minimize data loss during the 40 milliseconds that is
required to solve the hyperbolic equations. During bursts of
data, wnen there is no time to take 40 milliseccnds to snlve
the hyperbolic equations, all the data coming in is stored for
recording. Solution of the hyperbolic equations (and hence
plotting of the data) is delayed for an instant, uaiil there is
a momentary pauce in the incoming data.

Program No. 2 is an off-line program which computes the
constants used in the hyserbolic solution for any given gec-
metric configuration on the three remote and the cone central
station. This program is required when a new site is set up,
or when an established site is moved.

2.  The 2114 Computer, A-20

Program 3 inputs waveform data from the preprocessor.
Waveform data is inputted by the program from the preprocessor
as a 16-bit word. The program alto supplies a signal to the
preproces.or to unpack data from the A ard B storage buffers a-
soon as it makes use of this data. waveform data is stored in
a storage area, and is outputted to a digital tape recorder
TM-7, A-25 in a matrix suitable for recording, each time the

matrix is filled.
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3. The 2116 Computer, A-18

Program 4 performs checks on the input data points and
plots them on an LDAR display. The program inputs data from
the 2100S A-15, and compares the X1, Y1, Z1 coordinates
computed by the 2100S computer for LDAR configuration No. 1
with the X2, Y2, Z2 coordinates computed for the independent

configuration No. 2. Unless the coordinates agree, the data

point is rejected.
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V.  DATA REDUCTION
1. LDAR Data

As discussed in Section III C.2 under LDAR Data Process-
ing and Digital Recording all LDAR data points greater than 2
milliseconds apart are recorded by a 7970 Digital Recorder A-17
A-17 in a format that provides the peaks, the time to peaks,
and GMT time to a resolution of'one millisecond for all six
remote and one central station site. To play this data back,
we use the 7970 digital tape recoraer A-17 shown in Figure 5,
to input the data to the 2100S computer A-16. The 2100S
computer calculates X, Y, and Z and outputs this data to the
2116 computer, A-18. TFris processing is the same as that
already described in Section IV. _

The displayed data, if desired, can.Be recorded on a

magnetic disc, facilitating data analysis by allowing rapid

access for slicing.

2. Waveform Data

Waveform data that was recorded on the TM-7 recorder
A-21 (see Section III C.3) is played back on the 7970 recorder
A-17 and fed into the 2100S computer A-16 (see Figure 5). The
time delays required for ground strike location is determined
by the cursor readout features of the display terminal A-22.

Ground strike positions X, Y are computed from the time
delays using the assembly language subroutine for solving the
hyperbolic equations, with modified constants to account for
the difference in the placement of the sensors.
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A-8

A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22

APPENDIX

LDAR Antenna

Bandpass Filter

Log IF Amplifier

Microwave Link

Line Driver Summer 9804
Electric Field Sensing Plate
Matching Transformer

Matching Transformer

Bipolar Logarithmic Amplifier
A2A Wideband Video Cable
Biomation Transient Recorder
Video Switch/Distribution Amplifier
Telemet Distribution Amplifier
Ampex FR 1800 Analog Recorder
Peak-Reading Voltmeter

HP 2100S Computer

7970 Digital Tape Recorder

HP 2116 Computer

Tektronix Terminal

HP 2114 Computer

TM-7 Digital Tape Recorder
4010 Computer Display Terminal
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Test Data is provided on ali RHG products. Additionally, RHG will provide dependable and
rapid service, technical assistance and assure product support to our customers, Warranty pro-

visions are out!ined on the attached sheet.

ELECTRICAL TEST DATA

MODEL NO:___LST40HH27MAT

SERIAL NO: 10-680-1B

CENTER FREQUENCY:
3 DB BANDWIDTH:
INPUT IMPEDANCE:
INPUT VSWR:

LINEAR IF GAIN:

DYNAMIC RANGE:

LOG ACCURACY:

" OUTPUT VOLTAGE RANGE:

RISETIME:

POWER DRAIN:

COMMENTS:
LIMITED IF OUT +3 dBm

DATE: March 21, 1977

DATA TAKEN BY: ___C-J.S5.

40 M4z

25 MHz

50 &

1.2:1

OK

>80 dB

<+l dB

SEE CURVE

<

= 50 nsec

+12 V at 50 mA
=12 ¥ at SS mA

MATCHING DATA SEE 10-680-1a

e > nermpm—— -

J
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RHG ELECTRONICS LABORATORY, INC. iz i
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A=l Microwave Link

RHG ELECTRONICS LABORATORY

MODEL NO. MLRW7.1AG91 DATE 8/18/175

SER™"L NO.  8-626-1B DATA BY LMW

6.0 SIGNAL STRENGTH AND NOISE

LOG VOLTAGE SIGNAL TO NOISE
RF LEVEL (into 1000 Ohm) (EIA WEIGHTED) *
-10 +3.42 vDC 66 dB
-20 +2.99 vDC 66 ds
-30 +2.54 vDC 66 dB
-40 +1.94 vDC 65 dB
-50 +1.39 vDC 60 dB
-60 +0.42 vDC 52 dB
-70 +0.48 vDC 42 dB
~75 +0.25 vDC 34 dB
-80 +0.02 vDC 21 dB
No Signal -0.04 VDC -~ dB

* NOISE MEASURED WITH VIDEQ GAIN SET TO PRODUCE 1V p-p OUT
INTO 75 OHM WITH A DEVIATION OF 8 MHz.

5 43
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A-6 Electric Field Sensing Plate

DISC ASSEMBLY
(ALUMINUM, 3/16” THICK, ANY HARDNESS)
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FRAME ASSEMBLY
(MAKE FROM ALUMINUM CHANNEL)

9/16”

4
2 HOLES
11/16"
2 HOLES

4
|
'—-1.5"- i
1 3
316" il 4 —— * .
THICK :
‘.'
"'
END VIEW/SIDE VIEW ?
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PLATE ASSEMBLY
(MAKE FROM 3/16” ALUMINUM - T6 HARDNESS)

CENTER HOLE
IN PLATE
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A-9 Bipolar Logarithmic Amplifier

Page 1
1.0 SPECIFICATION OF MODEL 2540
1.1 Transfer Function Biploar Logarithmic Amplifier
1.2 Dynamic Range 60dB minimum each input
100dB minimum cascaded
1.3 Maximum Logarithmic Error +3% of output maximum
+1% of output typical
1.4 Input
1.4.1 Dynamic Range 10 millivolts to 1C volts
full scale each input
100uvolts to 10 volts
full scale cascaded
1.4.2 Resistance 600 ohms - input A
2000 ohms - input B
1.4.3 Polarity Bipolar
1.4.4 Offset Voltage +30 volts maximum
1.4.5 Bias Current -30 amps maximum
1.4.6 Power Supply Sensitivity +30 volts/volt maximum
1.4.7 Warm-Up Time 3 minutes maximum
for +10 millivolts

1.4.8 Warm-Up Time 15 minutes maximum
. for +1.0 millivolt

1.5 Output

1.5.1 Dynamic Range +10 volts full scale

1.5.2 Coefficient 1.5 volts/decade typical

1.5.3 Dynamic Resistance 20 ohms maximum

1.5.4 Minimum Load Resistance 250 ohms for full output swing
1.5.5 Polarity non-inverted or inverted

1.5.6 Temperature Coefficient +0.15%/9C max imum

OEl

Optical Electronics Inc. P.0. Box 11140 * Tucson, Arizona 85734

Phone (502) 624-8358
' 50



1.6 Frequency Response

1.6.1

Lower -3dB Frequency

SPECIFICATIONS OF MODEL 25401

1.6.2

1.6.3

1.6.4

Upper - 3dB Frequency -
Large Signal

Upper - 3dB Frequency -
Incremental

Slewing Rate

1.7 Temperature Environmental

l.7.1
1.7.2
1.7.3
1.7.4

Operating Range
Storage Range
Thermal Resistance of Module

Quiescent Temperature Rise

1.8 Power Required

1.8.1
1.8.2
1.8.3
1.8.4
1.8.5
1.9 Size

Minimum Voltage

Nominal Rated Voltage
Maximum Voltage
Quiescent Supply Current

Quiescent Power Nissipation

1.10 Weight

1.11 Socket

NOTES:

Otl

and 25° ambient.

Optical Electronics Inc.

Phone (502) 624-8358

51

Page 2

Externally determined,
see Section 5.0

5HH, minimum
10M4; minimum

+150 volts/second minimum

-55°C to +75°C
-65°C to +100°C
12°C/watt maximum

49° above ambient maximum

+12 volts

+15 volts

+16 volts

+135 milliamps maximum

4050 milliwatts maximum
3.125 inches by 2.625 inches
by 0.625 inch high

7.94 cm by 6.67 on by

1.59 cm high

5.3 ounce
150 gm

OEl Model 11028

1 - The above specifications are measurcd at +15 volts supply

P.0. Box 11140 * Tucson, Arizona 85734
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1.12 MTBF-per-MIL-HDBK-217B-Gt
SPECIF ICATICNS OF MOGEL 98011
1.8.2 Nominal Rated Voltage
1.8.3 Maximum Voltage
1.8.4 Quiescent Supply Current
1.8.5 Quiescent Power Dissipation

1.9 Size

1.10 Weight

1.11 Socket
1.12 MTBF-per-MIL-HDBK-217B-GF

1.13 SPECIFICATIONS OF MUDEL 9804M3

Page 3

87,000 hours

+15 volts

+18 volts

+33 milliamps maximum

990 milliwatts maximun
1.125 inch cquare by
0.375 inch high

2.86 om square by 0.95 cm
high

0.6 ounce
17 gm

OEl Model 11026
275,000 hours

All specifications are identical except for the following:

1.5.1 Outpui Swing

1.5.2 Maximum Load Resistance

1.5.4 Minimum Load Resistance

1.7.1 Operating Temperature Range

1.7.2 Storage Temperature Range

410 voits minimum into
a 500 ohm load

420 milliamps minimum

500 ohms for full output
swing

-55°C to +125°C
-65°C to +125°C

NOTES: 1 - The above specifications are measured at +15 volts supply

and 25° ambient.

OEl
Optical Electronics Inc.

Phone (502) 624-8358

P.0. Box 11140 * Tucson, Arizona 85734
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A-11 Biomation Transient Recorder

MODEL 8100
TRANSIENT RECORDER

Techmcal Data 6/15112

REAL-TIME 8-BIT A-D CONVERSION AND STORAGE AT 100 Mtz

FEATURES ® High speed data acquisition with 2000 point buffer storage. R oy

o Captures transient waveforms OF FecurTing signals.

e Wide frequency responsé of DC to 25 MHz.

e Vetsatile Arm and Trigger circuits with sertable delays.

e Selectable sample intervals; 10 nsec.-10 sec. or external sampling.

e Two differential inputs: 50mV to 5V full scale input ranges.

e Flexible record modes including unique prior-event ““pre-trigger”’ operation and dual
sample rate recording.

e Analog autput for CRT, plotor strip-chart recorders.

e Binary output for digital processors of bulk storage devices.

e Fully programmable via 16-bit instruction-exchsnge interface.

o “Tri-state’ output lines and “address” field allow up 10 8 units on single 1/0 bus.

biomation

10411 bubb road. cupertino, calhfornia 95014 {408) 255-9500

Sk
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1.4 Specifications

Ansieg lnput Cherscteristics:

Innut Thennels
lnput Impedance
lnput Voltage Range

Maxsmum Input Veltage
Input Coupling

faput Offset

ingut Indicaters

lnput Bandwidth
Overiead Recavery

Commen Meds Rejection
DC Stabidity
Gain Stability

Ansleg-te-Digitsl Converter:
Ressistion

Aperture Time

Bt Rete

Time Base snd Momery:
Somple intervel

Memery Longth
Total Record Time

Time Base

Two independent channels, ssch differsntial or single-ended Dusl chenns! opsration {inpuls smpied
alternately } i pesmissibie for ssmple intervals of 100 nsec or greater.

50 ohn., each input to ground. Unit will accommodste siandard FET sctive probes to achieve 10 megohm,
10 pf 1input impedance with 10:1 voltage division.

*50 mV ta 5V full scale (100 mV to 10 V peak to-peak). Independent seiection on each channel by 7
position (1-2 5 sequence) lever switch. Attenuator accuracy 3% on any position.

25V peak, 8 V RMS

AC or BC for each input of sach channel Time constant of 100 us on AC coupling.

0 10 *0.99 of full scaie, sslection in inctements of 0.01 of full scals.

t offscale indicators 1o indicate signals beyond rangs of ADC

0C 10 25 MH2 tor DC coupling on slf ranges. Low frequency 3 db cutoff of 1.5 kHz on AC coupling.

Less than 19 ns for recovery from 500% (5X) overioad. Less than 50 ns for 10X overioad. Subject to
maximum ingut voltages sbove.

40 db trom DT to 10 MH2.
Dritt, including uilset of less than 5% of full scale over 24 hours.
Gain changes !ess than 3% over 24 hours, less than 1% over 10 minutes.

8 bits (1 part 'a 256" 3t all sampling rates.
Less than 2 nanoseconds.
809 mega-bits per second st 0.01 us <zmple intervals.

Internal: 0.01 us to 10 sec in 1-2-5 sequence with range multipliers of us, ms and sec.

External: Iram saparate signal source. Pulse of +3 V to Q V; risstime < pulse width or 50 ns, whichever 1s
smaller, mnimum width of 10 ns, restricted to sample intervals of 20 ns or longer. Nonlinsar rates must
remain in bands of <<0.25 ms, 0.25 ms to 1.0 ms, >1.0 ms.

2024 data words, shared 1012 per channel in dual channel uperation. First §0 words store events
immediately preceding trigger.

2048 x Sample Interval; varies frum 20 us to 20,000 sec (5.55 hr.) when using internsl sample interval
selection.

100 MH2 crystal controlied oscitlator,

Arm and Trigger Charactoristics: *

ji 1i

Level

Wideth

Amplitc-is Change
Maximum Inputs

Delay

Deley Stability/Accurscy
Synshrenizing Connoctions

Arm/Trigger pre  {et panodically by internal circuiis.

A. Manual by p:i. -outton.
B. internal from asther channel.
C. External from separate 5052 and 1 K £2 input connectors.

Positive or negative sel~ctable.
AC or OC sslectable (DC only for internal, dual channsl).

Adjustsble from 0 to 17.99 in increments of 0.01 of input range for internal; increments of 0.05 V (502
input) or 0.5 V {1 K2 input) for external.

>80 ns.

>200 mV sxtarnal or 5% of input range for internal.

802 input, 25 V peak or 8 V RMS; 1 K 2input, 100 V paut. ar 30 V RMS.
0 to 9990 Sample intervals, selectable in increments of 10 Semple Intervais,
t one Sample Interval.

Rear panel BNC connections to permit simultansous Arming and/or Triggering of multipls Model 8100
units,

*Thess specifications apply separately to the Arm and the Trigger functions.

55
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SPECIFICATIONS (CONT.)
Dsts Recording Modes:

Normal Trigger input 1s enabled after (delayed) Arm signal. Recording begins a1 (deiayed) Trigger signal. Recording
stops after 2048 sample intervals.

Pre-trigger Recording begins at Arm signal. Recording stops at (delayed) Trigger signal. This mode provides storage of
wave-shapes preceding the trigger and allows user to “'look back in time.”

Dual Time Base This mode permits the recording to start at one sampling rate and switch to another sampling rate during the
sampling time. It is usable with either Normal or Pre-trigger operatic~. This mode is not usablg when one
sample interval is greater than 0.5 ms £nd the other sample interval is less than 0.5 ms or whenever the
second sample interval is 0.01 usec.

Display Output:

Horizontal Detiection Voltage (X) Sweep ramp of +1 V peak smplitude, 1 ms duration. Origin adjustable between —1 V and +0.2 V. Expansion

of sweep selectable at X1, X2, X5 or X10 (1 V, 2V, 5V, 10 V ramp).

Vertical Deflection Voltsge (Y) .8 V full scale, amphitude adjustable from .5 to 1.2 V. Origin adjustable +1 X full scaie. Independent leve!
adjustments for channels A and B.

Trigger {Z) 0_to +5 V puise for blanking, or for triggering scopes with internal time base. Also output asa 5 V to 0 pulse
(2).

Display Calibrate Full scale square wave with period of 400 sampies.

Piot and Digital Outputs:

off Plot or Digita: outputs not available. Unit automatically reverts to Display Output when not recording.

Auto Single data output {2048 words) available beginning at end of recording. Reverts to Display Qutput aiter
data output comgletes.

Edit Output mode enabled upan demand.

Plot Output 0 to +1 V output for XT plotter or strip chart racorder. Initiated (when in “edit” output mods) by digital
ingtruction or momentary front panel pushbutton. Standard output rate of 10 ms/point {20 sec totsl),
20 ms/point for dual channel records.

Pen Qutput 1.0 ms positive TTL pulse coincident with start of plot output. 0 to +3 V amplitude ~ optionally inverted.
Also optional asa +3 V signal levet during the duration of the plot.

Digital Output Initiated (when in “edit’ output mode) by digital command or momentary front panel pushbutton, See
below for rates and levels.

Digital Interfaces:

Progzammability All front panel controls are programmable except display adjustments and power switch.

Prograni input

Dats Output 8 bit parallel, TTL levels, “open” when not “addressed.” Selectable positive or negative true. Asynchronous
transfer under flag/command “handshake” control. Average data rates continuous from 1 x 10° to 2 x 10°
words/sec. Data rates less than 1 x 10* words/sec w .| exhibit up to 1.0 ms istency.

Control Signals “Command’ input.

“Flag" output.
TTL (D 10 +5 V) positive or negative true.

Miscellaneous

Size Height: 6.25" (16 ¢cm) T e, ¢ -
Width: 17" 43 cm) ) F'OOR vk ]
Depth: 21" (53 ¢m), exclusive of front panel controls and connectors. QUALM’

Weight Approx. 60 ibs (27.2 Kg.)

Power Apprex. 200 W, 115/230 V RMS, 50 60 Hz.

Warmaty All Biomation products are warranted against defects in materials and workmanship for ons ysar from date
of delivery.

Accessories Each unit 15 supphied with a line-cord, extender cards, two copises of the Operating snd Service Manual snd a

16 bit paraliel TTL ‘evels (0 to +5 V). Se'estable positive or negative true. Dne-in-gight address assignment
and 3-bit address field.

digital interface mating connector.

56
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A-13 Telemet Distribution Amplifier

DESCRIPTION AND PURPOSE

The Telechrowe® Video Distribution Amplitier Made! 3200~A1 Is'imterded for video signai distribu-

tion In both color ard monochrame TY sysiems.

Nesigned, primarily, as a unity galn device; esch

Mode! 3200-A) provides four identical am iscin*ed ocutputs for a sirglie composite or non

campcsite | mput,
autputs tor 8 |mputs,

Up to eight amplifiers may be 'stalled on one frame to provide a toral of 32

The Mode! 3200-A1 Is a non~imwverting, Ilme driving amplifier for feedirg video equipmemt requir-

irg a nomiml 1.0 v p-p lrput fraon a 75 chm trammission i ne,

Its galnis continuously variable

trom 0.8 to 2,0; frequancy resporse Is flat +0.5 db fram 30 Hz t0 10 MHz. Each ampllfier has its
arpn imerml regulated pawer supply and is Gperated fram a 105-125 vac |1 ne supply connscted

through the frame.

SPECIF ICAT 'ONS

AC 1im supply
I rput Sigml, camp or noncomp video
Output Sigmais - ~
Isolation at 500 KHz
Isolation at 5 MMz

----------------
-----
----------
------------

Tramfar Characteristics (Unity Gainat 1 voit

| put Impedaice
Output impedance -~ -
Galin -~ -
Frequency Response «~ - -~ - ~ « ~ -
Differential Galn -
Difterential Phase ~ - - - - - ~ «
THIt on 860 HZ wi rdow -
Baunce for 1,0 v Step
Ripple = = « = «
Sigml to Noise Ratio (pesk to --
Cross-Talk (output to Iput) = « = « = = - -

L I T A B R T |
L I O I B B I |
LI T S U O I )

‘8 ¥
%
J

Physical Characteristics

Width
Height

Depth
Weight

- e e e ® e e e e eew = - =

105~125vac 50~60Hz, 2.0 watts ( nam.)
0.5~1s25 v p~p for 1 v p=p aut.

Four idertical video signals 1 v p-p nami nal,
Greater than 32 db.

Greater than 27 db.

nanl nal )

40 K chm at 500 KHz.

15 chm + 1 chm,

variable 0.8 ¥o0 2.0

+ 0.5 db 30 Hz to 10 MHz
Less than 0.3%

Less than 0.4°

Less than 1%

Less than 12%

Not greater than 1.0 mv p-p
Greater than 60db

Less than 80 db

2.00"
3. 15"
9.00"
20 oz.

EQUIPMENT SUPPL LED

Since the model 3200-A1 Is a campletely self-contained unit designad to plug imo the Mcdel
4000-A1 or 4000-81 frame, accessories are suppliied f~r the frame rather than the ampiitier.
Quantities of accessories are deteminsd by the | miividusl purchase order and may | rnciude the

followirg items which are classified cptional:
vidso Distribution Amplifier Unit - - -
Mourting Fram (optiomal) ~ = « = = = - -
Frome Extermdor (ptiomal)
Blank Parels (cptional)
75 chm Temimatliors (ptiondl) - = ~ ~ -

- - - e - -

Mole!l 3200-A1

Model 4000-A1/4000-81
TMC Made| 4102-A1

TMC Mode! 4100-A1

TMC Drawlng No. AS-0017-2

TELEMET MPANY
MITYVILLE, N Y.

* Brard Name
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A-14 Ampex FR1800 Analog Recorder

Ygge 1

P

TAPE TRANSPORT
— L

| - g r

p b
\ L -
/SYSTEM CONTROL BAY

‘ /I(CHANNELS 1-7)

SCOPE OR METER . REPRODUCE BAY
BAY (OPTIONAL) , WRNNSN SR /(Cmnsm 1-7)
- RECORD BAY
' /i(cw\mmw 8-14)

' ’ REPRODUCE BAY
SCOPE OR METER
BAY (OPTIONAL) . NN EAN AT N /(cmusw B-14)
POWER SUPPLY BAY ~ , =

08172

Figure 1. 1-1 FR-1800H Recorder/Reproducer
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Table 1. 2-1. Specifications - FR-1800H Recorder/Reproducer (Continued)

DESCRIPTION

CHARACTERISTICS

Transport (Continued)

Tape Speed Accuracy:
*0. 2%

Tape Width:
" 1/2-in. and one in.

Tape Thiclkness:
1. 0 and 1. 3 mil base polyester.

Reel Size:

10-1/2 or 14~-in. Ampex Precision
or NAB reels.

Start Time:

8 seconds maximum to reach stable
speed of 120 ips.

Stop Time:
4 secornds maximum at 120 ips.

Fast Wind Time: ’

3 minutes maximum for a 14 in. reel
wm; 7200 feet of tape.

Flutter:

Peak-to-Peak instantaneous speed
variation.

% !
Peak-to-Peak
Speed Flutter tape
(ips) Bandpass Servo
120 0.2 Hz to 0. 20
10 kHz
6C 0.2Hzto 0.2%
10 kB2
30 0.2Hz to 0.35
3 kHz
18 0.2Hztw G. 40
2.5 kHz
7-1/2 0.2 Hz to 0.45 !
1.25 J
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Table 1. 2-1 Specifications - FR-12800H Recorder/Reproducer (Continned)
DESCRIPTION CHARACTERISTICS
Transport (Continued) Flutter: (Continued)
%
Peak-to-Peak
Speed Flutter tape
(ips)  Bandpass Servo
3-3/4 0.2 Hz to 0. 50
625 Hz .
1-7/8 0.2Hzto 0. %90
312 Hz
’/
Dynamic Skew:

%0. 15 microseconds or less at 120 ips
ou adjacent tracks in the same head
stack,

Heads

.\'umbe.r of Tracks: !
1’2 -inch tape ~ 7 tracks
One-inch tane - 14 tracks

Track Width:
G. 050 (x0. 003) in.

Track Spacing:
00 070 m.

Head Spacing:
1.500 (£0.01 ir.)

Head Life:
1000 hours

Gap Azirmuth:
+1 minute of arc.

1.2-4
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Table 1. 2-1. Specifications - FR~1800H Recorder, Reproducer (Continued)

DESCRIPTION

CHARACTERISTICS

Direct System 1.5 MHz

Frequency Response:

Zero db reference level 13 the mid-
point of the excursions of the resposse
curve. Amplitude variations =3 db.

S/N

Tape Speed RMS Signai/*

120 400 Hz to 28 db

1500 kHz
60 400 B2z to 28 dv
750 kHz
30 400 Hz to 26 db
375 kHz2
15 400 Hz to 26 d
185 kHz
. 7-1/2 400 Hz to 26 db
y 90 kHz
3-3/4 400 Hz to 24 db
43 kHz

(ips) _ Bandwidth BMS Noise |

Harmonic Distortion:

Total of any sigpal in the passband 3%
when recorded at normal output. Nor-
mal record level is defined as input
level which produces 1% third har-
monic distortion of a 1 kHz sinusoidal
signal at the desired speed with a
second harmonic distortion of a 1 kHz
signal adjusted to less than 0. 5%. T:
foregoing appiies to only ome tape
speed.

Iuput Level:

0. 25 to 25V rms adjustable to produce
normal record level.

* Measured at output of 2 bandpass filter having 18 db/octave attenuat'.n beyond limits

stated.
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Tabie 1. 2-1. Specifications - FR-180CH Recorder/Reproducer (Continued)

DESCRIPTION CHALLACTF "ISTICS

. i
§
Direct System 1.5 MHz (Continued) Input impedance: f
l
1000 chms (£20%) uzbalanced 5 gro.ic |
150 pf maximnm capasitance. !

———. e —

Qutput Level and Lcad:

!
|
|

4 speed - - 1.5V rms maumum inty
100 obhms .
2 speed - - 1.5V rms ma~vimum inte |
. 75 onmas i
Frequency Shift Modulation (F3M) [ PCM Transfer Rate: :
|
H

| 2400 bits per inck per track with not
mu:o than oge bit ezror n 104 gits per '
digitd ‘Tack and 1000 bits per inch per
track with no more than 1 hit crror iz
10° bits per digital track.

. Input Lcvel and Format: }
. }

0. 0 (21) volt prodacas lower frequescy..
2 to 20V (selectible either polarity) |
preduces higher frequency. Norma!
input format is fRZ change or NRZ
Mark digital.

I,w. Rige Time:
1. 5 usec between 10% and 20% levels.

Input Impedance:

1000 ohms, vnbalarced to  ound in
parallel with 150 pf ‘saximum cagaci-
tancs.

Ourput Level and Format:

Binary catput of 0.0 (x2) volt and -11
(1) volt. Th: higher recorded fre-
quéucy may b= chosen to represent
either the nominal OV or the ~11V.

V.

Voo oot SN, b MMIARI
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A-15 Peak Reading Voltmeter

PCWER
[ivam—meren- INSTRUMENT eowemoo-.
DIVISION
W T n AT g )

L T

moper. ©201C -

PRECISION METER READOUT TRANSIENT VOLTMETER

The Model SSC Transient Volumeter is the basic instruzvent
n a femily of instruments that Micro lascument Co. has
develoyed and samed “Memory Volunsters.” fust as the
aamse unplies, these 1nstramen:s have cirvuitry 'hat remem-
bers the maxirsum applied vaitage. Usaful 1n many myes-
sarenents that werk previously cumbersome or «mpracacal.
thasn instrumisents are in wide use throughout the Power
Unlity and Electronic Industries.

The basic instrument covers 3 range of voitages froa 3 volts
to 1000 walts full scrle. It wvill measure any voitags withan
this resge and bhold the highest peak reading uatil reset.
Frequencies that may be measured are from DC to appron-
mately 20 MHz which include wransients. sisgle or repentive
pulsas a3 shurt as 50 capcesconds (.03 microseconds,. Fes-
tarve include a sturdy dual-shislded portable cabiaet com-
struction: selectable axumuws irequency response coar--|
gale circaut ‘cr special measurements asd options] High
Voitage Rasge Extender Probes .aciuding 3 kV. 10 a\' and
30 kV full scale. The instrtmnent may Ye bLatver; opersted
far ramote locarion work. sae Model 3298 for datals

S AT TR e
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Page 2
1.2 SPECIHICATIONS -

Input - Single-ended BNC ungrounded
input. May be operated up to
1000V peak ahove ground, Case

qrounded.
Yoltage Range - 0-3, 10, 30, 100, 300, l0cOvV.
To 30kV with cptional probes.
Input Impedance - 10 megohmis (1000V Range) to
3K ohms (3V Range) depending
on range.
Pulse Width Range - DC to 50 nsec (single pulse).
Accuracy - +3% of full scale, do to 50
nsec.
Readout - 5" taut-bend, mirror-backed
1% meter.
Reset Modes - 1) Manual, with front panel
switch or remote contact
closure.

2) Automatic (50 msec
intervals, adjustable up
to 5 sec after end of
measurement ).

3) Recorder (automatic reset
adjustable from 5G msec
to 5 sec after emd of
weasurement ).

Reset Time - 100psec naminal , with no
dead-time or loss of response
during reset.

Operating Modes - 1) Reads pedk pos.tive.
2) Reads peak negative.

3) Reads maximum peak of
positive or negative.

Messory - Electronic memory retains
readings permanently, until
reset by operator or command
signal, or until advanced to
a higher reading due to a
greater amplitude inrout
signal. Readings held duriay
mementary power interruptions.

65




DC Analog Output

AC Analog Uutput

Response

Gate Ci~-uit

Temperature Range

RFI and Noise Rejection

Input Power

Mechanical

Accessories

Options

A

Page 3

[T,

0tol Vor3Vpositive, +2%,
dependirg on range. Short
circuit safe.

Simultaneous peak positive and
negative outputs. 2 1/2 nomi-
nal, decaying to zero in 100
ms at full scale.

Five selectable positions:
NORM (wide band), 1, i0, 100
ms and 1 ms pulsc widths.
Response is approximatelv 3 dB
down at these points and
limits the respunce at
approximately 0 dB/octave
rate.

Permits sampie-and-hold or
synchronized measurements via
externally appiied gating
pulses of approximately 5 t¢
0 v.

0° to 50°0 operating.

Internal multistage L0 pi line
filter provided.

115 V or 230 V AC, =10%, 50 -
400 H,, 15 VA, or =24 V DC,
100 mA maximum, battery
operation.

Model 5201CR - 115 V AC, 60 H,
standard. 230 V AC, 50 H; or
+24 V DC optionaliy available.

5201C-1, 5201C-2, 5201CR -
Dual! shielded rack mounting
enclosure 7" x 19" x 12%,

3 1/2 foot shielded input
cable and technical manual
provided.

High voltage proves: 3 kV, 10
kV and 30 kV probcs supplied
with insulated shieided cable
frequency compensated for
pulse applications.

- e e ———— o
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A-16 HP 2100S Computer
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Page 2 21008

GENERAL SPECIFICATIONS

BASIC CHARACTERISTICS

16-bit word length; 17th dit for memory pazity checking
Paralle] logic

o Power f1il interrupt, with automatic restart

Rack-mountable

_ MEMORY

o Magnatic cors storage

. @ $80 nanomecond cycls time

o Pirity peneration anxd checking is standard in all units

o Thme memory sizas availabls, 16K, 24K, or 32K words;.

* fisldexpandshie by plug<n cards

o 1024-word page size
¢ Protacted 64-word block for stored lozder

PROCESSOR

86 basic instructions, incinding extended arithmetic.

Up to-sight instructions omy be combined into one word
(engister refersnce goOD)

CUntimited levels of indirect addrewsing ailowed

Mumisated control pushbuttons allow siipuitaneous dis-
play and control of interpal Junctioas

All instructions fully” executed in 1.96 mcmucond.t.

except ISZ mmd extended arithmetic (2.9« to 16.7
microsaconds)

Only 980 nanossconds added for each level of indirect
addmesing '

Al microinstructions excapt those performing /O or
care mmaymmtuﬂymcmd in 196 nano-
sconds

Mamory and [/O protection is standa -

REGISTERS
e 8 Standard B.rpstla

‘Accumulatens. Two (A and, B), 18 bxt; nch. D‘::cuy
addressable. .

Uemory Control: Three (T, P, M), 16 bits each

3uppiementary: Two (Owrflow and_Extend), one hit
each - ) i

Manual Data: One 16-bit switch registar

68

7 Micoprocessor Registers

Accumuiators: Six (Q, F, and four scratch pad), 16 ity
sach ..

intenrupt Controi: Cantral Interrupt Ragister, 6 bits

SOFTWARE

" Extended Assmbly langusge

FORTRAN, FORTRAN IV, ALGOL, and BASIC.
langusges -

Editor, -mubmoutine Gbrary,
rogtine

Sevemxi-Operating systams, inciuding -
Basic Control System (BCS)
Magnetic Tape System (MTT)
Disc Operating System (DOS)
Thne-Shared BASIC Systam
Real-Thne Exscutive System (RTE)

Formatter, mnd Debuy’

MICROPROGRAMMING SOFTWARE

40000

Microzssembler (BCS oz DOS)

Micero Debug Editor (BCS or DOS)

Programmabie ROM Writsr (BCS)

Drivers and Diagnostics (BCS or DOS)

: Watshle Coatrol Store !npuleutput Gtility Em.ﬁu
(BCS or DOS)

Libraxy of Contributed lﬁcmptognm

INPUT/OUTPUT SYSTEM

12 intemad.[/O channels, externally expandabio to 43

- Optiondd multipiexed L/O extends capacity to :54

channetls; may be plugged into anysiot . .-
All channels buffered and bi-directional
Muitfevel priority interrupt for device servicing
Peripherals interfaced simply with plug-in cards
Duai<hinnst direct memory access, e transfer-
1,020,4( ; words per second
General-purposs interface cards avalsble

ORIGINAL PAGE |5
OF POOR QUALMTY
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A=17 Digital Tape Recorder Tge 1

HEWLETTEPACKARD -

OPERATING AND SERVICE MANUAL

PART 1

7970B/7970C

DIGITAL MAGNETIC TAPE UNITS

OPERATION AND GENERAL INFORMATION

Serial Numbers Preflxed: 1329

Note

This manual may be backdated to cover earlier versions of
the tape unit by incorporating appropriate backdating in-
formation {rom appendix A.

copyngnt  HEWLETTPACKARD COMPANY 1972
37970-90383 11000 Wolfe Rosd, Cuperuno. Calforma 98014, U.S.A. PRINTED: AUG 1973

69
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79708 7970C

Description
Page 2

SECT.ON |
DESCRIPTION

1-1. MANUAL SCOPE.

-2 This manual prondes operating and service inform-
atton for standard product configurations of the HP 7970B/
7970C Digitai Magnetic Tape Unuts. (See figure 1-1.) Special
oroduct configurations are descnbed by manusl suppiements
attached to this manual. The 79708 s recognizad under the
component program of the Underwnters Laboratories (nc.,
and is similar to the 7970C. This manual is applicable to
both modets.

1-3. This manual 1s dinded :nto 5 parts. Part © contains
geoeral information, installation inscuctions, and opecatng
procedures. Part | is applicable to all standard tape units.
Part 2 contuns a desenption of tne transport, (ransport
theory, performance checkout procedures, adjustraent pro-
cedures. and an illustrated parts breakdown of the tape
transport poruon of the tape umt. Part 2 15 applicable to all
standasd tape units. Part 3 contains 2 descapdon of the
read daza modules and provides maintenance information
for tape units equipped mith read data modules. Part 4 con-
tains a descniption of the write data modules and provides
msintecance information for tape urnts equipped with wnte
data modules. Part 5 contains a descniption of the resd.read
(seve=- ar nine-track read only) modules and pronides main-
teqance :aformation for tape units equipped with read, read
modiues

14. IDENTIFICATION.

1.5, Each tape unit has 3 modet plate and a serial aum-
ber piate attached to the transformer assambly. The model
plate indicates the tzDe speed of the unit and the modet
coufiguranon.

1-8. Table 1-1 lists the standard coafiguration option
numbess that will be shown on the model plate. The model
plate also lists factory installed elective options. (Reler to
table 1-2.) Special configuratioa and special factory installed
opuoes also appear on the model plate. When special product
coasideratons exist (indicated by alphanumeric option
oumbess) the information is provided by special modifica-
uon Sodices, supplemental to the staadard manual,

1.7, The serial number plate contains 2 two-section senal
oumber (0000A-00000). The (irst four digitu are a senal
nruraber prefix. The (Ivedigit number identifies a spec.fic
tape unit. [f the senal number prefix on the :ape unit does
aot agree with the number on the title pages of this manual,
there are diflerences between the ‘ape unit and the informa-
tion cootaned in this manual. These differences are de-
seribed 10 manual supplements avausbie at the oearest HP
Sales and Service Office.

Parcl

70

Table 1-1. Standard Configruration Option Numbers

SPEEDS R/W R/O | BASE | TRACKS

10- 209 (PS 121 122 123

21-37.51PS STOD 125 126 NINE

376-451PS 127 128 129

10-20.3 1PS 130 LR e 132

21-3751PS 133 138 135 SEVEN

376-451PS 138 137 138
10-20.91PS —_— 139 —
SEVEN/
21-3751PS — 140 — NINE
{R/R)

37.6-45!PS — 141 —

Table 1-2. Eective Opnion Numbers

NUMBER DESCAIFTION
008 Triple Density Select
007 Unit Select
012 HP Logo
013 Read Parity (Seven- or Nine-Track)
014 Wnte Parity (Nine-Track)
015 Wn Parity (Seven-Track)
016 Daor Interiock Switch
017 Black Paint
023 installation Xit

18. Printedcircuit assemblies are idantified by a letter,
a series code, and a division code on the assembly (eg. A-
1010-42). The letter identifles the revision of the etched
trace pattern on the unloaded printed-circuit board. The
four-digit series code pertains to the electncal characrenstics
of the loaded printed-creuit assembly and the positions of
the components. The divwon code identifies the Hewiett.
Packard division that macufactured the printed-cireuit as-
sembly. [f the senes numbers of the tape unit pnnted-circuit
assemblies do not agree with the series numbers shown on
the schematics and title pages ol this manual, there are dil-
ferences between the tape unit and the information in this
manual. These dilfersnces are descnbed 1n manual suppie
ments avalable at the nearest HP Sales and Service Office.
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Tabie 1-3. Specifications

Page 3

TAPE SPEED
1C t0 45 s

REEL DIAMETER
Jo te¢ 10.5C 'nches 1 266.7 mm)

TAPE {Computer Grade!}

Whath: 0.5 inches 1 1 2. 7 mm)
Twickness: 1.5 mils

TAPE TENSION
8.5 oz, nominal

REWIND SPEED
160 :ps

FAST FORWARD
160 o3

INSTANTANEQUS SPEED VARIATION
=3% (meassu-ecd b:t-tO-Dit)

LONG-TERMSP . VARIATION

215

FAST FORWARD. FAST REVERSE, START/STOP
CHARACTERISTICS

Distance: 40 inches, norminal start (25 ps)
69 inches, nomunal start (37.5 and 45 ips)
31 inches, nominal step (37.5 and 45 1ps)
Time: 0.7 secord, maximum

START/STOP TIMES

1€ ms (at 25 ips)
10 ms tat 37.5 ips)
8.33ms (at 45 ips)

START/STOP TAPE TRAVEL
0.187 £ 0.020 inch (4,7625 = 0.508 mm)

REEL MOTOR B8RAKING
Dynamic

RECORDING MODE
NFf2! {industry compatibie}

MAGNETIC HEAD ASSEMBLY

Standard: seven- or mAe-tracx, 2rase, write and read
Gaa Scatter MMeasured Opticail, !

* Read Stack: 150 20, maximum
Write Stack: 50 .in . ~3ximum
SKEW .
Static Skew: The per channe. one-shot ceskewing

techmigue s ulii.Zed n the wrte ifor-
ward) and rvae ‘‘orward and reverse)
circurtry effect vely eiiminating static
skew.

Dynamic Skew: =200 uin, (read after write), maximum

HEAD GUIDE SPACING
Ingustry compatible

WRITE HEAD TO READ HEAD CROSSTALK
<5% (of read signal)

READ MEAD CHANNEL TO READ HEAD CHANNEL
CROSSTALK

<-3248

EEGINNING-OF-TAPE AND END-QF-TAPE REFLEC
TIVE STRIP DETECTION .

PhotosiectriC, industry compaudie

OPERATING ENVIRONMENT

Ambiant Temperature: +32° 10 +131°F (97 10 §5°C)
Relative Humidity: 20 to 80% (non-condensing)
Altitude: 10,000 %t (3.048 m)

POWER REQUIREMENTS

115 or 230 (£10%) Vac
48 to 66 Hz, single phase
400 VA, maximum (on mgh line)

DIMENSIONS

Meight: 24 iaches (609.6 mm)
Width: 19 inches (82,6 mm)
Depth: 12 inchas (3048 mm: -3¢k space|

Overall Qeptn: 15.75 \aches (3§ —m)

NEIGHT
130 1 maximum (56.7 <-tograms

TRANSPORT MOUNTING
Verucal: Standard 19 ‘nches (382.5 mm) Retma ek

AL et s e W o AL 1! b Sa—— s
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A-18 HP 2116 Computer

COMPUTERS et T 557 2R

For general computation and systsms

OfF POOR QUALITY

Specifications é

Models 21148, 2113A. 211£3

[ [ me MmsA 1 aue 4
o 322 (413) 16 16 16 '
Parity check with interrupt Qptional Optional Optional
~ . Bxmc configurstion size (words! 8X 4 4K §
- YiEOmED SiZ# in Mainframe 16K 8K 3K
- Mazoemm S usng extender 2K - - .
Direct rmmmory access gam Optional Optional !
ares protect p - =~ {
2 pras 16 20 20 | f
Ieabrustioy sTemction weed (1) X |
word 12 | 10 | 10
- Aad (il word) i l 40 i
. iply ( ) i
b Divids (suprouine) 300 ! 375 s
\\ukloly /harcware cption) 192 j 40 ; -
Obvide (hardwara option) 38 1 60 X -
Fanain of banis imtrustions 0 ) ) | n
niilevel inivent addressing Yes | Yes P Yes
Priwr®y iatwropt systen
+ Nambar of grwwnrad input,'cutput slots in mainframs 16 3 ! 7
Watmem cumder of 1) siots usny extender a4 24 ; u
Kumber of dewces that can be interfaced using Muitiplezed !, 0 - L - I % ol
m. ! . M ‘-
o e proect e R e el ;
on H EY
Askmatic restart Qptiomal Qptional | Qptional _
- Haigtt A%” 2%~ l 2%
= 5 .M
" Esviessmental temp 0° tg 55°C 10° to 40°C 10° o °C
Exviroouental reizt ¢ humie.ty {at 0°C) , % 0% 0%
*l'-ﬁ & i 314500 o 3.5
- memory ! - ad $8.
with &X memory P s2a000% 19,500 13,000
: Ir ‘erface Kits
@ Pricm fer the fetiowing options are for the Interface Kit anly; arder 3y ‘atertace Xit wmber.
A& ®angie: 7o erder the Reiay Jutout Registar. specify Intartace Kit 129518,
: 1 BASIC KIT [ )
NAME CAPABILITY NO. | PERIPHERAL MY, BH: WV, 0 M
“TP"Z BASE GENERATOR | Generates real time intervals in decads steps 12539A | None required 1020 1.000
Seom- from 100 .8 to 1000 sec (derived from crystal
—_— osaliaton. Used as soutce of timed :nterrupte
- for software clock. :
ﬂeumuue NTERFACE | interfacescomputerwith Bei! System Oata Phone | 12540A : Jeil System Data Set 103A 1.2 Net Available
sarvice. :
LAY ouTPyT REGISTER | Prowvides 15 form-A contacts for operating ex- | 28518 Jetermuned oy usar X 800
: ternal devices. (Interfaca ‘it includes ¢8-pin )
m - mating cannector.) | !
RIT GENERAL PURPOSE ' Dual 16-0ut Nip-flop register. Permits Mi-direc- 125344 Oeterrmned by user : R T |
OUPLEX REGISTER i tional mnsm%f mfor':!‘llnun between somouter . v : !
i and externai devices. . interface wit .ncludes | i i
| 8.0 mating connector.) ! : :
0-A CONVERTER | Prowdes two D-A conversion channels. § ity 12858A Datermined dy user L 1.%0
L 1 channel. !
CXRCDACUIT (NTERFACE | Dual 16-5it Mi-Nop repster. Permuts bi-direc- | 12968A  Determaned by user ) g
e hosal data 'ransfer hetween computer and ex- | | '
o T termal dewce at OTL, TTL voitage levels. (!nter- : !
~—— fuce lut wicludes cadle 1nd mating connecto”.i ! :
: SINOUAL PURPOSE | ool 3-0it fip-flop repister. Perauts rdiree. | LZ387A | Oetormened oy user
Fgﬂm enal transter of informeuos between computer | l .m “
JE and eternsl deweat. (Interface Wt inch l l
' & a.pm_ 72 1
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4025

A-19 Tektroniy Terminal

TEKTRONIX

From Alphanumerics to
Graphics. Now your
termina’s can keep pace
with your needs.

R Nl FAGE 1

OF POCR QUALITY

The 4025 takes you beyond alpha-
numerics. When you're ready to go
beyond data entry and editing, the
4025 1s the terminal that can take
you there The 4025 gives you the
unique ability to expand your termi-
nai from basic alphanumerics, to
forms ruling and then into graphics
No other terminal has such versatil-
ity. Witn all its options, the 4025 pro-
vides unmatched report generation
capability

Start with an ASCll character set
and finger tip editing. Tne 4025
can display a full 34 Iines of 80
characters each onits 12-inch
diagonal display screen The com-
plete upper and lower case ASCY
character set 1s provided The
green-on-black display with
adjustable brightness level 1s easy
on the eyes

The keyboard is arranged in an
office typewniter configuration,
making it famihar to new users. Pre-
defined editing keys aliow you to
insen, delete and input lines and
characters Thirteen user definable
keys plus virtually any other key an
the keyboard can be redefined to
generate a command or character
string at the touch of a finger

e

Computer Display
Terminal
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A 4 K memory 1s standard with the
4025, expandable to 32 K, allowirg
buttenng aria scroling of hundreds
and even thousands of words

Add the versatile Forms Ruling
option. The 4025 Forms Ruling op-
tion can duplicate essentially any
form Visual attributes include
enhanced. biank, blinking. inverted
and underlined fields Logical attii-

butes inciude protected fields. mod-

ihed, alphanumeric or nurnenc only
The “send modity com' and siream
lines data entry by transterring only
the moditied, keyed-in data to the
host The fixed forma? remains.

73
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R R

ready for the next senes of entries

Develop or duphicate forms of any
complexity with a vanety of sin ;le
and multiple horizontal and verical
rules selected from the Ruling
Character Set. Expandable memory
and scrolling let you create forms far
beyond the length of the display
screen

To make data entry and editing
easter, you can dwvide the display
screen into two separate display
areas each with independent scroil-
ing You use the monitor area 1o
communicate with the host and the
workspace area fcr the form itself
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GENERAL IN

1-1. INTRQOUCTION.

1-2, Volume Two is the second in a series of three
publications thst documenct the Hewlett-Packard Model
2114B Computer (Figure 1-1). This volume coatains de-
taled descriptions. instructions, and diagrams applicable to
installador, maintenance, trouhleshooting, and repair.
Unless otherwise noted, or to the extent specified wa future
wpdating or backdating supplements, this publication is
applicable to HP 2114B Computers baving serial number
prefix 930- and subsequent.

1-3. The imformation in Volume Two is intended for
users who have been trained :n, or ire [amiliar »th, the
operation and maintenance of this or similar Compufters in
the Hewiect-Packar! line. A thorough understanding of the
informanon presented in the Specifications aad Basic Op-
eratiog manual, Volume Oge in tus series of publications.

Sectiog |
114 Computer

Page 1

FORMATION

18 esenual o mpg und uadesstanding the instructions
presented.

1-4. The purpose of Vclume Two is twofold: {irst it
provides general information, wstailation instructions, and
overall maintenan—» data for the Computer and :'s acces
sory items: second it provides testing, trolbleshooting, and
repaur instructions (or major functional areas within the
Computer tsee Figure 1-2). These are the Centra Processor.
the Memory System, the Timiag System, the Control Dis-
piay System, and the Power Suppiy. The [nput.Cutput
System 18 documented separatelv in the [nput/Output
System Operation manual, Volume Three in this series of
publications. Computer opnions are documented in separate
manuais that suppiement trie (aformation given wn Volhme
Two and Three, 1s apolicable.

1.3, The Sections and Appendixes of Volume Two
contain the following :nformagon:
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For general computation and systams

Meaz's 21348, 21i3A 71168 Page 2
Specifications é
j msa ] 2154 21148
Cwe Manery | . B
Ward size tuty) : i€ . 5 -8 .
Panity eneck with mterrygt : Optianal Joligniai ' >ptional
Basic configuration size /words. ! K K : 4K
Merouimi size 0 mainirame i 16a 3K | K
Mxmmum size ysing extender f X | - - .
4 Diswet memo-y access ! Optionai ; “ouonal Tovonal .
Mamory ares protect i Jptional : - -
Cycle tme us) ! 13 . 28 25
tusirustion sxseution speed (us)
Store word 32 40 ! 10
Add (il word) 12 40 40
Medtivly /subroutine) : 120 ! 150 !
Divids / subroutine) : 0 375 s
Muitroly ‘Rardware opticn ! 192 249 -
{ Omnde ‘Rardware sotion; 93 25.0 -
| Number of hasis instrustisns " 0 |
MuSoved indireet addressing Yes Yes Yes -’
Prierlly intwmipt system .
Mameber of “rewired input, ourput slots in mai~rrame .5 3 7
atmymum number of 1) slots uaing extencer 18 N M
Rember of Jevices that can ce nrsrfaced sz “ui Coexed ' o - - g
Nordwwe - c _—
Craty ITL < i CTLTTU S
Power {xlure protection ‘15 Tes s
Astamane restant Jptera gc:m:-.al Jouonai
Hepd BN 2% A
Mu : 6% ! 8% 25%'
T REL %"
¢ Emvirmental temperatuie ‘ 9° e 6500 10t 570 3¢ 10 40°¢C
! Eswironmentsl relalive humicity at 40°C. ; 9 0T ! 09,
Pan
wlh X memory - ‘ $14 500 ! 30
wis IR memory <3 00 ; 13350 13,300
Interface Kits
© Prums tor ¢ fCHigweng 30TIONS 4@ 1Or "N 'nlerfack K. anly, Ircer 3y ater‘ace Ait numaer
Fer amamg.e: T arger 'he Reisy 0.3t Regste-. szec:ty 'nterface €t (2358
- ' | BASIC KiT | i PRICE
NAME H CAPASILITY i NO. | PERIPHERAL NEY. S Hr 230V, R MHe
TONE BASE GENERATOR Generates real ime ntenuis 1 Secaze sifos 128538 Nane recuired 100 1 X0
from 100 .8 t0 1000 zec zered ‘rem crvstal ! | ] .
oscuiator). Used as wsurce ot timee Aterrugts ; , | 1
- ' lor software clock. i ' !
BATA PHONE INTERFACE J Iaterfaces computer witr 2014 System Data Fhare ey Zan System Sata Set 133A 1,00 Not Avaifaple
SErvice. ' . ! '
RELAY QUTPUT REGISTER l Pravides (6 ‘orm A conracts 'or sgerating 21 L2851 Jetarm:sag oy user . a0 X0
ternal Jevices (ntertace wit ccluces f8.3in ¢ )
| - !_mating cannecier.: '
16-817 GENERAL PURPOSE ! Dual 16-b1t p.‘ice eqister dmemis T direc 125524 veter-mizea by Jser RS B b
OUMLEY REGISTER l tronal transter 32 mIOIMANCS Dot wear 13mpy Y X
| 3 extemal Jevices Cmterace ot aciuces !
- 48-c:n mating cannector —_— f—-
04 QawverTeR . Provides ‘w0 2-1 manvernian tainre; 3 2 126334 Jaterr.zeg By user s B 1.0
b ' ¢hannet
sTXTCHRe T INTERFACE | Jual 6.0t Ng-"ico “agster 2wrm g 3, Zoee 28854 Jatgrmone: ny Lger % | %0
. nonal Jata transier celween ITQuler 1AC 23 ;
d , eeral denice at DTU TTL Jantage ievers  ~te :
b . face ait ncludes atle 30~ Mating ~nnecar
WEIAL PURPOSE . Dual % 0t "0-MaD epister Pwrmis Si-d.cec %374 Deteured tv ser 54 0
" REGISTER tramal transter of “nfoIMalion Ze'ween camputer .
ol ' Ad emternal JeVICEL.  NTI0R Mt nCIuCES . 3
"\ 4-o4 Mating anector | i ;
\!'hzn Bt 2 21134 13 10M° MED. (63 weds. ma (8% - asey
az lmmu&!‘nﬂlwuowlmw—mun
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A-21 TM~T Digital Tape Recorder

Figure 1-1.
T™-7 Tape Transport
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TABLE 1--1.
PERFOCRMANCE CHARACTERISTI1™C

TAPE WIDTH 1/2 inch tape i
Ampex, IBM, or NAB reeis
—— - : —
TAPE SPEEDS 36 ips stanaausd
Speeds to 45 i1ps optional
REWIND SPEED 2,400 ft. can be rewcund in less
than 3 minutes
START/STOP TIME Start Tire: LU ms
Stop Time: 16 ms
o—

START DIS'TANCE AT 36 1FS

0.1%6 mia., 0.2 4 max.

STOP DISTANCE AT 36 IPS

0.133 min., 0.195 max.

IONG TERM SPEEI VARIATION

3% or less of operational speed

——

INSTANTA.™OUS SPEED VARIATION
SHORT TERM

ISV = 5% or less of operational
speed 10 wrs after start command

INTERCHANNEL TIME DISPTACEMENT
(ITD) AT 36 IPS

Peak Dynamic Skew:
Static Lkew: 7 usec
ITD: 10 .sec

6 j.sec

POWER REQUIREMENTS

Voltage: 117 *C nominal, or
200250 v iucrementally tapped
Frequency: 48 to 62 cps
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F1g. 1 1. 4010 Computer Display Tarminal.
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Fig 212 MHerd Copy Operation

HARD COPY MODE (Make Copy) 4010-1. The Hard Copy Mode 15 used to

generate a permanent copy of the Termunal display. With the 4010 1 and a Hard Copy

unit, the user can obtain a hard ony as follows

Step 1. Cherk to be sure that the hard copy unit 1s connecied to the 4010 ;

Step 2. After insuring that the termunal display ic cortect, press @

‘ K , simultaneously, then @ @ keys, or press the MAKE

COPY switch on the 4010 1. The Hard Copy unit then sends a signal that sweeps the

entire 4010-1 display 1n about S seconds. A copy 1s thus generated. A copy can also be

initiated from the computer it the program calls fer one.

.’.‘:"(:'/‘n
Or o "L "
POO,.’) Nie/ 'y
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